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ABSTRACT 

This study analyzes grain production in Fra 'e. France iz the major grain 
producer in the European Community (EC) and .ie of the leading producers in the 
world. France is also a major grain exporter and, thus, competes with the 
United States in world markets. The United States is pursuing a policy of lower 
world prices to regain market share Large grain surpluses in the EC have 
resulted in increased budget expencitures to support grain farmers and pressures 
to lower prices. What are the implications of lower prices on French grain 
production? Our results suggest that French grain area is price elastic. 
However, supply response also depends upon yield, which is not sensitive to 
changes in output prices in the short run. French products receive 
preferential treatment within EC markets, and their exports to nonmember 
countries are subsidized, enabling France to increase exports and market share, 
French competitiveness has also b* ip enhanced by technological improvements, 
relatively high and stable prices, and structural change. 
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In an increasingly interdependent world, the well-being of U.S. grain farmers 
dependb upon developments in other parts of the world. In the eighties, the 
U.S. share in world grain markers decreased, while the European Community's (EC) 
share increased. France is the major grain producer in the EC and among the 
leading producers in the world. This paper examines France's institutional 
framework within which production decisions are made; analyzes trends in grain 
area, produc ion, and yield; compares these results to the U.S. situation; and 
presents results for France of estimated wheat, barley, and corn area response 
equations. 

Grain production in France has taken place in a relatively risk-free 
environment. Before the formation of the Common Agricultural Policy (CAP), 
French grain producers were isolated from vagaries of market forces through 
government-guaranteed prices. Since the formation of the CAP, producer prices 
have t:een supported through a variety of mechanisms. Throughout the period, 
producers have not been exposed to direct competition in world markets because 
government programs discouraged imports, while subsidizing exports. 

Competitiveness of French grains in internationa'' markets has benefited from 
membership in the EC. As a member, France receives preferential treatment when 
trading within the EC. Since the midseventies, third-country exports to the EC 
decreased considerably, being displaced by trade from France and other member 
countries. Export subsidies used by the EC have also helped French grains to be 
competitive in third-country markets. 

Additional factors that have contributed to improved French grain 
competitiveness are technological improvements and structural change. Grain 
yields have increasea at a faster rate than yields in the United States. France 
is increasing the yield advantage in wheat and barley relative to the United 
States, while narrowing the gap in corn yields. 

Several specifications were used to estimate area response equations. The 
relationship between intervention and producer prices was also estimated. We 
found that producer prices are strongly related to intervention prices, but 
producer prices increased less than intervention prices. The result: also 
indicated that French grain area is responsive to price changes, but yields are 
not. Production response to lowering intervention prices depends upon several 
considerations, including assumptions regarding green rate adjustments. 
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Economic Analysis of Grain 
Production in France 



Peter S. Liapis 



INTROOUCriON 

Real net farm income in the United State:> increased and was paralleled by a 
strong increase in exports during the seventies. In the early eighties, 
however, farm income decreased considerably, and this development was paralleled 
by a strong decrease in agricultural exports. It is apparent, therefore, that 
international trade became increasingly important to the well-being of U.S. 
agriculture. 

One comnodity group that significantly contributed to increasing U.S. 
agricultural exports was grains. Between 1972 and 1975, U.S. grain exports 
averaged 68 million tons, 53 percent of total world trade.!' U.S. grain exports 
peaked in 1980/81 at 114 million tons, 57 Percent of world trade. Since then, 
however, U.S. grain exports have decreased somewhat, while total world trade has 
risen slightly. World grain trade increased to 209 million tons in 1984/85, 
while U.S. grain exports dropped to 94 million or 45 percent of world trade. 

The European Community's (EC) grain trade evolved differently. Between 1972 and 
1975, grain exports by the EC averaged 10 million metric tons, 8 percent of 
world total. EC grain exports during the late seventies and early eighties 
increased and in 1984/85, the EC became the second largest grain exporter 
(although considerably behind the United States) with exports of 25 million tons 
(12 percent of world total). An equally dramatic turnaround occurred in grain 
imports. The EC was the world's largest importer of grains during 1958-71, 
averaging 22 million tons a year (22 percent of world total). In 1984/85, 
however, EC grain imports were reduced to 6 million tons (3 percent of world 
total). 

Many factors have contributed to the turnaround in the grain trade of the Univerl 
States and the EC, including movements in exchange rates and the use of export 
subsidies by the EC. This paper does not examine the factors that may have 
caused the United States to lose market shares in grain trade but informatio.^ or 
the causes of and the decline in U.S. exports can be found in Emba ^ ^qoes, Sur;:.us 
Di sposal, and U.S. Agriculture (74) .2/ The evolution of the EC from a net 
importing region to the second largest exporter has exacerbated the situation. 



1/ Grains refer to cereals, excluding rice; tons refer to metric tons. 
2/ Underscored numbers in parentheses are cited in the References section at 
en3 of this report. 
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Because the EC now consists of 12 countries with diverse agricultural 
endowments, farm structures, technologies, and climatic conditions., grain 
production evolved differently, and producer respof.se may vary for each country, 
i focus in this paper c.i grain developments in France, the EC's largest grain 
producer. 

This paper will provide (1) an overview of the policies that influence decision- 
making in French grain markets before and after the formation of the EC; (2) a 
summary analysis of trends in grain area, yield, production, and trade; and (3) 
explanatory factors associated with these trends. Factors affecting the 
competitiveness of France and the bnited States will be comparer when 
appropriate. Finally, I present estmiaced supply response equations for wheat, 
barley, and corn for France. 

BACKGROUND 

The agricultural sector is relatively more important to the overall French 
economy compared with the agricultural sectors of other EC member countries. 
Agriculture contributed more to the French gross national product (GNP) in 
contrast to the sector's contribution in other major industrial EC member 
countries. In 1984, agriculture's share of gros^ value added at factor costs 
was 4 percent in France, and employment in the agricultural sector was 7.7 
percent of the labor force. Agriculture provides a large share of foreign 
exchange to France. In iJ84, 17.7 percent of the value from all exports was 
generated by French agriculture, compared with 8.9 percent for the EC. 

France is the EC's largest country with 5^.9 million hectares (ha). Most of the 
land area is classified as utilized agricultural area (UAA), making France the 
largest agricultural country in the EC. In 1984, 31.5 million ha (58 percent) 
of France's land, was classified as UAA, 31 percent of the total UAA in the EC. 
Over half (17.5 million ha) of UAA in France was classified as arable land, 38 
percent of the EC total. 

The relative abundance of arable land implies that France has the natural 
resources to grow a wide variety of crops, including cereals it is nol 
surprising, therefore, that France is the largest cereal producer in the EC. 
France provided 37 percent of the cereal area and produced 40 percent of all 
cereals in the EC in 1984. France harvested 9.7 million ha of cereals in 1984, 
more than double that of t-^v other EC country. 

During the past 30 years, cereal production increased tremendously in the EC and 
France. Cereal production in the EC in 1955-57 averaged 63.5 million tons while 
average production increased to 130.2 million tons uy 1982-84, an increase of 
105 percent. Cereal production in the EC grew at an annual compound rate of 3 
percent during 1955-84. Cereal production in France increased 167 percent (from 
19.1 million tons to 51 million tons) or at a compound growth rate of 4 percent. 
Because production increased faster than in other EC countries, France's share 
of the EC total also increased. France produced a little ever 29 percent of all 
EC cereals in 1958; by 1984, France produced 40 percent of all EC cereals. 

In addition to being an important force in the EC, French cereal production also 
plays a major role in French agriculture. Cereals were grown on 798,000 farms 
or 63 percent of all French farms in 1980. Of those farms, 559,000 grew wheat, 
554,000 grew barley, 303,000 grev corn, 275,000 grew oats, and 165,000 grew 
other cereals (51,). Cereals also contribute a significant share of agricultural 
income. Cereal sales generated over 8 bMlion European currency units (ECU), 20 



percent of French final agricultural product in 1984. This figure 
underestimates the value of cereals to French agriculture because it does not 
include the value of about one-rifth of cereal production that is used on the 
farms where they were grown. 

France and the EC pursue an interventionisc policy in agriculture. Production 
decisions and prices are influenced by policy decisions. The next two sections 
briefly describe the policies that regulate the grain markets in the EC, and the 
policies pursued in France prior to the formation of the EC, in order to portray 
the environment wicnin which French producers operate and prices are determined. 



THE COftlON AGRICULTURAL POLICY IN CEREALS 

Six countries (Belgium, France, Germany, Italy, Luxembourg, and the Netherlands) 
in 1957 signed the Treaty of Rome in which they agreed to integrate their 
economies by forming what is now known as the European Community. Three more 
countries (United Kingdom, Ireland, and Denmark) joined the EC in 1973. The EC 
was further enlarged in 1981 when Greece became a member, and Snain and Portugal 
increased the Community to 12 members in 1986. 

Grain markets were the first to be organized when the Common Agricultural Policy 
(CAP) was established in 1962. The six original members that formed the EC 
agreed to integrate their markets by establishing rules to guide the internal 
markets of the member countries, along with establishing rules to guide trade 
among the members and between member and nonmember, or third, countries. The 
CAP in grains, however, was not fully implemented until 1967 when the internal 
markets were unified. 

The principles that underlie the CAP are: 

1) A single market: products are to move freely within the EC. 

2) Community preference: member states give preference to Community 
production and protect themselves from third-country imports through 
uniform protection. 

3) Common financial responsibility. 

The instruments chosen by the EC to implement the CAP in grains were: 1) common 
official prices, 2) protection at the border through v. iable levies, and 3) 
conmon financing. 

Price System 

The grain ipar<ets in the EC are g-^verned by prices that are fixed by the Council 
of Agricultural Ministers each year. 

1) Interventi on price: This is the price at which EC authorities must buy 
cereals offered by farmers or the trade, provided the commodities meet 
minimum quality criteria. Intervention stores are established in 
countries that have persistent surplus production. Intervention price 
(with modifications) serves as the floor price on grain prices in the 
Community. 

2) Reference price: This price became operational during the 1977/78 
marketing year and was used to support the price for wheat of bread 
making quality. It was eliminated in the 1986/87 marketing year. 
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3) Target price: This price is intended to reflect the wholesale price of 
grain and is meant to be the indicative market price for EC producers. 
It is fixed above the intervention rice and reference price for each 
grain. 

4) T' ^eshold price: Tnis price is used to insulate the EC grain markets 
from world markets. Grain imported from nonmember countries cannot 
enter the EC below this price. 

Relative grain prices in the EC are governed by the silo system which was 
introduced in 1975. The silo system was introduced ostensibly to allow market 
forces to play a larger role in determining grain prices based upon feeding 
value. It specified that the intervention price for all grains should be the 
same* This was accomplished fo^ all grains, except rye, during the eighties. 
The regulation that established the silo system also established the reference 
price for bread wheat. 

Intervention System 

The EC supports domestic markets through intervention centers where sellers 
(producers or traders) can sell their grain at the intervention price, p^^ovided 
the grain meets certain quality and quantity standards. Intervention centers 
operate throughout the Community for wheat and barley, while intervention 
centers for other grains operate only in surplus areas. 

Trade Policy 

Grain trade among the EC and nonmember countries is governed by the threshold 
price anrf by the use of variable levies and exoort refunds (subsidies), which 
adjust internal EC prices to world prices. 

Variable levies are the difference between the lowest price, including cost, 
insurance, and freight (cif), available at an EC port and the threshold price. 
Regardless of port of entry, import prices are adjusted to reflect a common 
price at Rotterdam. To incorporate quality differences, cif prices are also 
adjusted to represent a standard quality. The levy, which varies with changing 
world prices, is set daily and applies to all imported grain. The import levy 
assures that imported grain does not bell below the threshold price. 

Export refunds are subsidies used by the EC to export grains, mostly wheat and 
barley. Because domebtic EC grain prices are usually higher than world prices, 
EC grain exports are subsidized so that they can compete in world markets. 

Because the EC desires to insulate its domestic market from world fluctuations 
in demand and supply, the CAP has provisions whereby the operation of levies and 
refunds can be reversed. If world prices should increase above the EC level, 
levies may be imposed on EC exports and subsidies may be provided for imports. 
These provisions have not been imposed since 1974. 

A license is required for all imports and exports between the EC and nonmember 
countries. The license, which is valid for a specified period of time, permits 
traders to import or export the stated quantity of a particular grain. For 
exports from the open market, the license states the quantity awarded and the 
proposed subsidy. Licenses are transferable and a market for them does exist. 



FRENCH GRAIN POLICY PRIOR TO CAP 
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cereal growers, fr^om foreign competition. In the early 1900'5, cereal producers 
were protected chiefly by high tariffs or import quotas. During the thirties, 
when France was still a net importer, additional protective measures were 
implemented in an attempt to maintain high grain prices. For example, a law was 
passed in December 1929, which gave the Government the authority to establish 
the minimum share of domestically grown wheat that must be used in milling. To 
assure compliance with the new law, another law was passed in 1930 imposing a 
quota on wheat imports and requiring the use of import licenses. Import quotas 
were extended to barley, bran, corn, oats, rye, and buckwheat in 1933. Also in 
1933. a minimum price for wheat with monthly increments was established in an 
effort to provide growers with sufficient income. Problems enforcing the 
minimum price led to its abolishment in 1934 (28). 

These policies were not very successful in maintaining high cereal prices. 
Demand for comestically grown wheat was stagnant, and the Government, in an 
effort to stimulate deoiand, provided subsidies to denature wheat so it could be 
used as feed. Export subsidies were provided to stimulate exports, and growers 
were given storage premiums to keep wheat off the market. 

Continuing problems resulted in the creation of Office National 
Interprofessionnel du Ble (ONIB) in 1936. Its most important functions were to 
fix producer prices of wheat and to make marketing arrangements for wheat so 
that the fixed price would be effective. ONIB had monopoly power to import and 
export wheat, spelt, meslin, and rye. To cover program costs, several special 
taxes were imposed, including a milling tax and a production tax. The 
production tax rate increased with quantity produced. Producers had to sell 
their A'heat to designated trading agencies at the fixed price. Marketing 
rrargins were established and retail prices of bread and flour were regulated by 
local authorities. Wheat imports were allowed only when the domestic crop was 
judged insufficient for domestic demand (2^^, 72, 73, 78). 

After the Second World War, French agricultural policy was geared toward 
increasing food supply. To increase farm investment and improve efficiency, 
credits and subsidies were provided by the French Government and price supports 
continued. The ONIB became Office National Interprofessionnel des Lereals 
(ONIC) and its powers were extended to all grains. Prices for wheat and corn 
were fixed by government decree, a^d all marketable wheat had to be channeled 
through ONiC appro^'ed trading agencies. Production incentives were successful 
and wheat surpluses appeared. Disposal of these surpluses became expensive and, 
in 1953, thp French Government introduced the quantum system to reduce wheat. 
The voljme of wheat that would satisfy domestic needs was estimated each season 
and thi: estimate was the quantum amount. The guaranteed price was paid to 
farmers only on the quantum amount. The price received for ^Jantities delivered 
above the quantum decreased as volume increased (16. 28). 

The pricing system for other grains (barley, corn, oats, and rye) was similar 
to, but less rigid than, the pricing system for wheat. To encourage corn 
plantings, the guaranteed price for corn was supplemented with an encouragement 
premium from 1950-58. The price for oats was determined by market forces 
scarting in 1956. Tlie quantum system was applied to corn and barley in 1961. 
However, the corn and barley system was implemented differently from the wheat 
scheme. The price received for deliveries did not decrease when the volume 
delivered exceeded the quantum (16). 

O 5 1 0 



ONIC had monopoly power ^^er all imports and exports of grains and grain 
prodi-cts. Exports were undertaken at ONIC's request, and traders had to submiL 
bids specifying the amount of export subsidy needed. ONIC selected bids with 
the lowest subsidy. 

During the transition period (1962-67) between national policies and the full 
implementation of the CAP France had to eliminate the quantum system. France, 
during the transition, could establish minimum cereal prices between the 
relatively low prices that prevailed in France and the relatively high prices 
that prevailed in Germany. Grain prices were no longer fixed at the guaranteed 
level and could fluctuate above the support price. 

Since 1967, ONIC has become the body for adininistering Community regulations in 
France, while maintaining its nationa role. The system of licensed buyers has 
continued. Grain in excess of onfarm consumption must be marketed through 
collectors approved and licensed by ONIC. Even with the CAP, ONIC controls the 
flow of cereals into the market indirectly by controlling the lag between the 
time farmers sell their cereal to collectors^and the time collectors repay, and 
by funding cereal stocks held by collectors. For example, collectors can delay 
repayments for up to 3 months at the start of the season, but in March, the 
maximum delay is 1 month (73). 

Grain policies that prevailed in Trance prior to formation of the CAP were not 
very different from policies that emerged when the CAP was formed. Both were 
based on the establishment of relatively high prices and protection from 
foreign competition. The instruments were also similar. They consisted of 
support prices above world level with monthly increments ana the use of export 
subsidies. One may argue that the price-support mechanism for cereals in the EC 
was developed principally in relation to French needs. A noticeable difference 
between French policy before and after the CAP was the shift away from tariffs 
and quotas and toward variable levies to protect growers from foieiqn 
competition. 

French grain growers did not have to make large adjustments after the CAP was 
formed. On the contrary, they benefited from the relatively higher prices 
following the CAP. During the 1960/61 marketing year, the producer price for 
wheat was $29.27 less per ton in France than in West Germany. During the 
transition period, French wheat prices increased 15 percent, while German wheat 
prices remained relatively constant, so by 1966/67, French wheat prices were 
o.ily $18.97 per ton less than German prices. Fi- thermore, because France was a 
wheat exporter when the CAP was implemented, French wneat producers benefited 
from the captive EC market. 



TRhNDS IN CEREAL PRODUCTION 

Cereal cultivation in France expanded considerably once the CAP was instituted. 
Cereal a-^ea harvested averaged 9 million ha a year during 1955-60. The average 
increased to 9.7 mi ,ion ha a year between 1980-84. Prior to the CAP the 
cereal area harvested represented less than 50 percent of the arable land. 
Since the CAP, cereal's share of arable area increased and peaked at 58 percent 
in the early seventies. More recently, cereal's share decreased somewhat, but 
It was still 55 percent of arable land in 1984. 

Wheat is the major cereal produced in France, followed by barley and corn. From 
1955-65, thsse throe crops accounted for 83 percent of all cereal production, 



but during 1980-84, their share increased to 94 percent. Wheat production in 
France has increased relatively steadily since 1955 (fig. 1). Barley and corn 
production also increased; ho^evei^, theii^ rate of increase has diminished 
recently. Production of rye and oats and mixed grains declined steadily from 
1955-84. 

The area of individual cereals harvested between 1955 and 1984 is shown in 
figure 2. The figure illustrates that there has been some substitution among 
the various cereals as growers shifted from some cereals (oats and rye) to 
others. Because the proportion of cereal area to arable land increased for most 
of this period, it appears that growers opted to shift more of thcfir land base 
into cereals in lieu of competing crops, such as potatoes or other root crops. 



Wheat 



France is the major wheat produc*::r in the EC and one of the leading producers in 
the world. From 1955-84, France provided 37 percent of the wheat area and 40 
percent of production in the EC. The f^rench share of ^.C wheat production 
increased from 36 percent from 1955-60 to 44 percent from 1280-84. French wheat 
production in 19S4 ranked fifth in the world, and, among major wheat-exporting 
countries, France ranked second behind the United States. 

Wheal is a leading agricultural commodity in France. Between 1955 and 1984, 
wheat averaged 45 percent of cereal area and 47 percent of cereal production. 
During this period, wheat area harvested averaged 4.2 million ha, production 
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averaged almost 16 million tons, and yield averaged 3.7 tons per ha. In 1984, 
wheat was responsible for 12.6 percent of the value 0"^" final agricultural 
production, thus ranking third behind milk {17.2 percent) and beef and veal (16 
percent) . 

France produces two c of »^heat, Durum and coi:^mon or "soft" wheat. Duru.Ti 

wheat constitutes a re ^u.vely 5.rall proportion of the wheat grown in France and 
the EC. It is an ultrehard w^eat used in pasta and noodle products. In the 
EC-10 it is rrostly grown in I'aly, France, and Greece, with Italy being the 
dominant produce*". 

Soft wheat is by far the dominant wheat class grown in France as well as in the 
EC. It is used in cakes, pastries, cookies, and similar products. In France, 
soft wheat area harvested averaged 4.7 million ha compared to 118,400 ha for 
Durum whe:t during 1980-84. Production of soft wheat during this period 
averaged 25.5 million tons, while Durum wheat production averaged 430,600 tons. 

Production of soft wheat in France increased considerably during the 30~year 
period. Except for the eighties whv. ^ area expanded, production increased, 
despite falling area, because of substantial yield increases. Wheat yield 
increased at a compound rate of 3.6 percent per year in 1955-60 and 1980-84. 
The tremendous yield increases obtained by French wheat farmers during this 
period are illustrated in figure 3. During 1955-60, wheat yields averaged 2.33 
tons per ha, ranging from 2.07 tons to 2.61 tons. During 1961-70, yields 
averaged 3.19 tons per ha, 44 percent higher than the 1955-60 average. Wheat 



Figure 2 Grain Area Harvested in France 
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yields continued to increase during the seventies, averaging 41 percent more 
than the 1961-70 average. During 1980-84, ^ elds averaged 5.4 tons per ha, 20 
percent above the average during the seventies. The extent of yield increases 
is illustrated by the fact that average yields during the seventies were hiyher 
than the maximum yields during the sixties. Similarly, average wheat yields in 
the early eighties were higher than maximum yields during the seventies. 

Wheat producers in France plant either in the fall or in the spring. Winter 
wheat is the preferred crop, and is more prevalent. During 1980-84, winter 
wheat area 'veraged 4.6 million ha and production averaged 25.2 million tons. 
During the same period, spring wheat area averaged 64,400 ha and production 
averaged 273,000 tons. 

Production of winter wheat increased steadily over the past 30 years. 
Production of spring wheat, however, has decreased over the past 15 years. The 
divergence between winter and spring wheat production became greater in the 
eighties. 

A major factor behind the divergent time paths of winter and spring wheat 
production was the difference in yield. The general trend for both has been 
upward. However, average yields for winter and soring wheat were about the sam 
until 1970. Since then, winter wheat yields increased relatively more than 
spring wheat yields (fig. 4). From 1980-84, winter wheat yields averaged 5.4 
tons per ha, wiiile :>pring wheat yialds averaged 4.3 tors per ha. Increasing 
winter wheat yields have been accompanied by reduced variability. The 



Figure 3 Soft wheat yields in F.'ance 
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coefficient of variation (CV) for winter wheat yield was 0.16 for 1955-60, while 
it was 0.12 for 1980-84. The CV for spring wheat yields increased from 0.08 to 
0.11 during the same period. This indicates that risk-averse growers are better 
off switching to winter wheat varieties because of higher average yield and 
lower yield variability. 



Barley is ranked second to wheat in production and area harvested of cereals. 
France does not dominate the EC barley market as it does the wheat market. 
France averaged 32 percent of EC barley area and 29 percent of EC production 
during 1955-84. The French share has decreased, however. France accounted for 
31 percent of EC barley production during 1955-60, but its share declined to 26 
percent by 1980-84. 

Barley is still an important commodity in France. In 1984, barley accounted for 
3.2 percent of final agricultural production (third after wheat and corn, among 
cereals). During 1955-84, barley averaged 26 percent of cereal area and 25 
percent of cereal production in France. 

Barley area averaged 1.9 million ha, production averaged 4.0 million tons, and 
yield averaged 2.41 tons per ha during 1955-60. As with wheat, barley area, 
production, and yield increased over time. From 1980-84, area devoted to barley 
averaged 2.4 million ha, prod-ction averaged 10.4 million tons, and yield 
averaged 4.4 tons per ha. Contrary to wheat area, barley area increased rather 
steadily until the midseventies. Since then, French growers began shifting from 
barley and area declined. 



Barley 



Figure 4 Spring and winter wheat yields 
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The developments in barley yields are illustrated in figure 5. Barley yields 
increased at a rate lower than wheat yields. During 1955-50, average barley 
yield was slightly above average soft wheat yield (2.41 versus 2.33). Since 
then, wheat yields have outperformed barley yields. The rLte of growth in 
barley yields, 2.5 percent, was 1 percent less than the growth in wheat yields. 
The different growth rates resulted in average wheat yields that were 1 ton more 
than average barley yields for 1980-84 (5.4 tons compared with 4.4 tons). 

Like wheat, barley is planted in the fall or in the spring in France. Cereal 
producers preferred planting wheat in the fall and barley in the spring (55, 
79). Because of improved winter varieties of both crops, this rotation is 
followed less rigorously. Until the late seventies, more barley was planted in 
the spring than was planted in the fall. By the midseventies, however, area 
planted in the spring began to decrease, while area planted in the fall began to 
increase sharply. Since 1980, fall sowing of barley has exceeded spring sowing. 

Spring barley production was conside*^ably higher than fall production until the 
midseventies. Barley production from fall plantings averaged almost 7 million 
tons during 1980-84, while production from spring plantings averaged 3.5 million 
tons. The shift towaru fall plantings coincided with the development of barley 
varieties that performed better when planted in the fall rather than in the 
spring (fig. 5). Barley planted in the spring produced higher yields than 
barley planted in the fall until 1970. Since then, barley yields from fall 
plantings have been consistently higher than barley yields from spring 
plantings. Furthermore, the yields from barley planted in the fall are less 



Figure 5 Barley yields in France 
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variable than the yields from spring planted barley. This implies, holding all 
else constant, that risk-averse growers would prefer to plant barley in the 

Based on the data over the last 15 years, there has been a significant shift to 
fall planting of both barley and wheat. It appears that varietal developments 
have favored fall planting and French producers have adopted the new varieties 
obtaining higher yields and increasing production. 

Corn 



Corn is the third most important cereal crop in France in terms of area 
harvested and production volume. In terms of value of agricultural production, 
however, corn ranked second to wheat with 4.2 percent in 1984. 

France is the EC's major corn producer. France accounted for 52 percent of the 
area and 50 percent of production in the EC during 1955-84. The French share of 
EC's corn area and production increased in the past 30 years. France accounted 
for 34 percent of the area and 32 percent of production in the EC during 1955- 
60, and by 1980-84, its share had increased to 60 percent of the area and 56 
percent of production. 

Cui n is another excellent example of rapid development and adoption of improved 
seed varieties and other technological advances by French producers. In the 
fifties, climatic limitations restricted corn production to the southwest of 
France. In 1955, corn area harvested was slightly more than rye area but much 
less than wheat, barley, or oats. Hybrid corn varieties and other developments 
however, expanded the climatic adaptability of corn, and area harvested 
increased steadily until the seventies (see fig. 2). Corn area expanded from an 
average of 642,300 ha (7 percent) of cereal area between 1955-60 to 1.7 million 
ha (17 percent) of cereal area between 1980-84. 

Corn production between 1955-84 averaged a little more than 6 million tons a 
year. As figure 1 illustrates, corn production increased steadily and exceeded 
borley production in several years. During 1955-60, corn production averaged 
1.8 million tons a year. Since 1960, production continued to climb so that by 
1980-84 average corn production was 9.9 million tons. 

Corn p>^oduction increased over the past 30 years because harvested area expanded 
and elds increased from less than 2.5 tons per ha in 1955 to 6 tons in the 
eighties (fig. 6). Average corn yields between 1955-60 and 1980-84 increased at 
a compounded rate of 3.3 percent, which was slightly less than the growth rate 
of soft wheat but more than barley. 

Technological and other advances have affected barley, corn, and wheat yields 
differently as indicated by the different growth rates. Corn yield per ha was 
13 percent above barley and 18 percent above wheat during 1955-60. As already 
discussed, wheat yields increased at a faster rate than either corn or barley 
yields. Consequently, for the 1980-84 period, average corn yields were only 10 
percent above wheat. Because barley yields did not increase as fast, corn 
yields averaged 34 percent higher than barley yields. 

Other Cereals 

As stated above, wheat, barley, and corn are the major cereal crops grown in 
France with an average of 85 percent of the a^ea and 89 percent of production 
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during 1955-84- Consequently, other cereals play a minor role. The most 
important of this "other cereals" group is oats. In 1983, 0.4 percent of final 
agricultural production was attributed to oats. 



Area of oats and mixed grains decreased steadily during the past 30 years. 
Between 1955-60, area in oats and mixed grains averaged 1.8 million ha; however, 
area decreased 67 percent to 612,200 ha between 1980-84. Area in rye also 
decreased from 349,300 ha between 1955-60. to 111,600 ha between 1980-84, a 
reduction of 68 percent (see fig. 1). Sorghum area on the other hand increased. 
Sorghum was not a widely known crop in France in the fifties. Between 1955-60, 
sorghum area averaged 5,000 ha and during 1980-84, it averaged 64,000 ha. Today 
sorghum is still not widely grown, but area harvested increased, indicating once 
again the willingness of French growers to experinent and adapt new products and 
technologies. 

Along with area, production decreased substantially for oats and mixed grains, 
moderately for rye, while sorghum production increased during the past 30 years 
(see fig, 2), During 1955-60, oats and mixed grains production averaged 3.3 
million tons, compared with 2,2 million tons during 1980-84, a reduction of 35 
percent. Rye production, which averaged 453,170 tons during 1955-60, decreased 
to 341,200 tons during 1980-84, a reduction of 25 percent. During the same 
perioo, average sorghum production increased froiTi 9,700 tons to 291,600 tons. 

Technological and other yield increasing advances werp also applied to these 
''•ninor" crops as average yields increased steadily over time. Since the 
midfifties, oats and mixed gram yields almost doubled, rye yields increased 135 
percent, and sorghum yields increased 138 percent. 



Figure 6 Corn yields in France 
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COMPARISONS WITH THE UNITED STATES 



Because the United States and France compete in world grain markets, it is 
interesting to compare ^developments in grain area, production, and yield between 
the two countries. The United States dominates France in both area and 
production. During 1955-60, wheat area harvested in the United States averaged 
49.6 million acres, almost five times more than the area harvested in France 
(10.5 million acres). Barley area in the United States during the same period 
averaged 14.3 million acres, more than three times the barley area in France 
(4.6 million acres), while corn area in the United States averaged 67.3 million 
acres during 1980-84, compared with 1.7 million acres in France. Average wheat 
area in the United States increased 44 percent to 71.6 million acres while corn 
area increased only 2 percent to 68.7 million acres. U.S. barley area decreased 
36 percent to 9.2 million acres. By comparison, during the same period, wheat 
area in France increased 13 percent to 11.9 million acres, rnrn area increased 
156 percent to 4.1 million acres, and barley area increased 29 percent to 5.9 
mi 1 1 ion acres. 

Average production between 1955-60 and 1980-84 increased in both countries. In 
the United States, wheat production increased 127 percent from 1,138 million to 
2,589 million bushels, corn increased 108 percent from 3,348 million to 6,962 
million bushels, and barley, despite a decrease in area, increase^ 15 percent 
from 426 million to 491 million bushels. Production in France, however, 
increased even more. Wheat production increased 162 percent from 363 million to 
952 million bushels, barley production increased 129 percent from 209 million to 
479 million bushels, and corn production increased 456 percent from 70 million 
to 391 million bushels. 

Yields 

Yields also increased substantially in both countries. France enjoys a yield 
advantage over the United States in both barley and wheat, while U.S. corn 
yields are higher than those of France (table 1). It appears that France has 
been able to increase its yield advantage over time, especially in wheat. 
Average wheat yields in France were 53 percent above average wheat yields in the 
United States during 1955-60. During 1980-84, French wheat yields averaged 125 
percent above U.S. wheat yields. Developments in barley yields were similar, 
but not dramatic. During 1955-60, barley yields in France were 50 percent 
higher than those in the United States, while during 1980-84, they were 52 
percent higher. The United States enjoys a yield advantage over France in corn. 
However, that advantage has declined over time. Average corn yields in the 
United States were 15 percent above average yields in France during 1955-60. 
During 1980-84, U.S. average corn yields were only 7 percent higher than 
France' s yields. 

Differences in relative growth rates suggest that technological and other yield 
increasing improvements were developed and adopted at a much faster rate in 
France. Based on average yields for 1955-60 and 1980-84, corn yield in France 
increased at a compounded annual rate of 3.3 percent, while corn yields in the 
United States increased at a slightly lo^er rate of 2.8 percent. Barley yields 
in both countries increased at about the same rate during the period, 2.5 
percent per year in France, compared with 2.3 percent in the United States. The 
crop with the most profound differences in yield growth between the two 
countries is wheat. Wheat yields increased more rapidly in France with an 
annual growth rate of 3.6 percent, compared with 1.9 percent growth rate in the 
United States. 
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Several factors may be contributing to the divergent growth rates in yield 
between the two countries. It may be that France has natural advantages over 
the United States, such as a climate more suited to growing these grains. 
Factor endowments and input usage (discussed in the next section) may also 
contribute. Because France is relatively small country, land may be a binding 
constraint necessitating yield- increasing technology in contrast to abundant 
land in the United States. Another possibility is that France devotes 
relatively more resources to expenditures on research and development. Althougli 
data are not readily available, information indicates that the fraction of 
nondefense research spent on agr, culture in France exceeds that of the United 
States (53.) and that public expenditures on agricultural research and 
development have increased faster than expenditures in the United States (14) . 
Such expenditures on research may have been responsible for the development of 
higher yielding varieties. The CAP provides a relatively predictable, protected 
environment and price supports. Such an environment may be more suitable to the 
adoption of new, higher cost and higher yielding technologies, assuming 
everything else is constant. 

Farm Structure and Input Use 

In addition to higher yielding varieties, factors that contribute significantly 
to increased crop production include farm consolidation and modernization, along 
with increased and imp!"oved input usage. As in other developed nations, the 
number of farms decreased, while the average farm size increased. In 1960, 
there were approx innately 8 million farms in France with an average size 



Table 1--Wheat^ barle^^ and corn yields in the United States and France 

Commodity United States France 
and year 



Metric tons 
per hectare 



Bushels 
per acre 



Metric tons 
per hectare 



Bushels 
per acre 



Wheat: 

1955-60 
1961-70 
1971-faO 
1980-84 



1.5 
1.8 
2.1 
2.4 



22.83 
26.85 
31.62 
36.34 



2.3 
3.2 
4.5 
5.4 



34.52 
47.16 
66.03 

79.70 



Barley: 
1955-60 
1961-70 
1971-80 
1980-84 



1.6 

2.1 
2.4 

2.9 



29.75 
39.12 
45.09 

53.00 



2.4 
3.0 
3.7 
4.4 



44.76 
55.09 
69.26 
82.26 



Corn: 
1955-60 
1961-70 
1971-80 
1980-84 



3.1 
4.5 
5.7 
6.3 



49.72 
72.30 
91.50 
100.10 



2.7 
3.9 
4.9 
5.9 



43.47 
61.85 
78.22 
94.51 
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of 17 ha of UAA. In 1983, the number of French farms had declined to 1.1 
million, while average farm size increased 50 percent to 25.5 ha. The average 
French farm is still considerably smaller than the average U.S. farm (63 acres 
compared with 432 acres). 

The decline in farm numbers occurred predominantly among small- and medium-size 
holdings. During 1960-84, the largest decrease occurred among farms that were 
less than 20 ha, a 57-percent decrease. The number of farms between 20-50 ha 
decreased 7 percent, while the number of farms above 50 ha increased 57 percent. 
The farmland released by the elimination of smaller farms was used to increase 
the average farm size of the larger holdings. In 1960, farms greater than 50 ha 
represented 6 percent of all 'farms and controlled 28 percent of UAA. In 1983, 
farms larger than 50 ha represented 15 percent of all farms and controlled 
nearly half (46 percent) of the UAA. 

General trends related to cereal farms are difficult to ascertain because 
information is not readily available. Available data indicate that cereal farms 
tend to be larger than the averaye farm in France (25). In 1984/85, the average 
size of cereal farms represented in the survey (25) was 66.2 ha (164 acres) 
which was almost twice the average size for all farms (36.8 ha). 

As mentioned previously, cereals are grown on most French farms. In 1980, 63 
percent of all farms grew cereals: 559,000 farms grew wheat, 554,000 grew 
barley, and 303,000 grew corn (52). Cereal production is also becoming more 
specialized. Based on data for 1982/83, only 20 percent of the cereal producers 
farmed more than 100 ha; however, they delivered 73 percent of the cereals (55). 
The increase in average farm size may indicate that French cereal producers are 
becoming more efficient. Information from the United States indicates that 
there are economies to scale in the production of cereals up to the 1,000-acre 
range (74, 76). Chances are good that French producers are also able to obtain 
economies as size increases, thereby, lowering unit costs as output expands. 

Cereal farms in France are also becoming less labor intensive. In 1984/85, the 
average cereal farm employed 1.34 workers per year, while the average for all 
farms was 1.65 workers per year (£2). Labor engaged in cereal production is 
more productive than labor engaged in other agricultural activities. Net value 
added per work year was ECU 11,500 for all farm types, compared with net value 
added in cereals of ECU 23,900. 

Cereal farms in the United States are also becoming larger and more specialized, 
while their numbers are decreasing. During 1964-78, the number of farms growing 
corn decreased from 1.5 million to 919,000, while average acreage of corn 
harvested per farm increased from 39 acres (16 ha) to 7b acres (31 ha) per farm 
(75). The number of farms growing barley also decreased from 121,700 in 1969 to 
97,000 in 1978, while average number of acres harvested per farm increased from 
79 a.-es (32 ha) to 95 acres (38 ha) (74). Wheat was grown on about 383,000 
farms in 1978, with each farm harvesting 142 acres (57 ha) (76). 

Cereal farms in the United States are also becoming more specialized. Corn was 
the primary crop grown on all farms that produced corn. Farms with 500 or more 
acres of cropland accounted for 13 percent of farms that grew corn, but they 
accounted for 41 percent of production (75). Barley is also primarily grown on 
large farms; 46 percent of the farms that grew barley had 500 or more acres of 
farmland. Of these, farms that harvested 250 or more acres of barley accounted 
for 5 percent of the barley farms and 44 pe-^cent of production (74). wheat also 
tends to be produced on. larger farms; 35 percent of the wheat farms had 500 or 
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more acres of cropland. Wheat tends to be a secondary crop, however. About 17 
percent of the wheat farms harvested 250 or more acres, but 65 percent harvested 
100 acres or less (26). 

Technological progress affected other inputs as well. French agriculture became 
more mechanized and dependent upon purchased inputs. In 1958, there were 
623,000 tractors in France, and by 1983, the number had increased to almost 1.5 
million. This equals about 5 tractors per 100 ha of UAA or 1 tractor per farm. 
The number of combines and harvesters also increased significantly during this 
period. While there were 42,000 combines and harvesters in 1958, their numbers 
increased to 152,000 in 1983. In te^-ms of cereal area, there was an average of 
half a combine per 100 ha in 1958; the ratio increased to 1.5 combines per 100 
ha in 1983. 

Technological progress also encouraged greater use of intermediate or purchased 
inputs. More and better use of fertilizers and plant protection inputs, coupled 
with improved varieties, significantly increased yields. Durina 1956-60, 
fertilizer consumption averaged 56 kilograms per hectare (kg/ha) of UAA. In 
1983/84, fertilizer consumption increased to 185 kg/ha, an increase of 130 
percent. Not only did the volume of fertilizer increase, but application timing 
also improved. Fertilizer is now applied at planting with several applications 
during the season. 

Use of other intermediate inputs followed a similar, increasing pattern. Volume 
of all purchased inputs increased at an annual rate of 7.2 percent between 1960- 
73 and at a rate of 3.5 percent between 1973-80 (U.). The agricultural decline 
of the eighties experienced by the United States and other countries also 
affected France. The growth rate of purchased inputs decreased considerably. 
Consumption of all inputs between 1973 and 1985 increased at an annual 
compounded rate of 1.7 percent (U.). 

An additional development was the persistent substitution of capital (machinery) 
and intermediate inputs (fertilizers and pesticides) for labor. Consequeritly, 
the number of persons engaged in agriculture decreased substantially. Between 
1959-75, labor decreased at an annual rate of 3 percent. The decrease rate 
moderated to 1.1 percent during 1975-80, mainly because of a slowdown in the use 
of purchased inputs III). The decrease in the number of workers engaged in 
agriculture was accompanied by a large increase in productivity. Labor 
productivity from 1973 to 1984 increased at a rate of 4.5 percent per year. 

Technological change had similar effects on U.S. agricu ture; that is, the 
number of farms decreased while average size increased, and capital and 
purchased inputs were substituted for labor. Because U.S. farms on average are 
larger than farms in France, mechanization in the United States evolved 
differently. During 1970-84, the number of tractors in the United States did 
not change siqnif icantly. Horsepower increased substantially, indicating the 
shift to larger, more . owerful tractors. In 1970, total tractor horsepower was 
203 million; by 1984, tnis had increased 53 percent to 311 million horsepower. 

As in France, U.S. fertilizer use increased over time. However, fertilizer use 
per hectare is less in the United States. Labor requirements in U.S. 
agricu" re decreased considerably faster than labor use in France. Based on 
the index of labor input (1977=100), labor use in the United States decreased at 
a compound annual rate of 3 percent during 1970-84. The change in input usage 
was accompanied by productivity increases. Total productivity (farm output per 
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unit of input) in the u'nited States increased at a compound rate of 2 oercent 
per year during 1970-84. ^ percent 

......... v,.^. ay, iwuiLure ridve some aiTTerences in relative intensity of inout 

nlVnn f.?"'^ ^O-^ ^ cu 1 tura 1 technology is more fertilizer intensive on ave^age ^ 
using 68 percent more ferti 1 izer per ha than the United States. Another 
difference due to different farm size between the two countries is 
mechanization. The large average farm size in the United States has resulted in 

it7ZlTr ^7 ""''^T'' "^^'^^ ''^''^'^ smail farm ze n ' 

has resulted in farmers opting for more, but smaller, machines. Although use of 
total inputs changed very little in the United States they continued to 
increase in France The U.S. index (1970=100) of total f^m'tod oc 97 
r J^l^ ^5 ^" ^" ^ol""^^ °f purchased inputs increased 

?he e?ghMes. ^^"^ '''''''''' ^'"'^'""^^ '° ' ^'°^er rate in 

There are many similarities in the technological developments in French aid U S 
agriculture. The result has been increased production and p o c v 5 c one 
with larger, more specialized farms that are capital intensive. In both 
countries cereals are grown on a large number of farms, but production ii; 
concentrated among the larger producers. It appears that growers ^end to focu. 
on crops for which the country seems to have aVelative ad'anta^e. n th^ 
United States, more farmers grow corn than other cereals, while French farmers 
tend to specialize in wheat. rrenLn Tarme s 

Iho''''^"^^h the increased use of purchased inputs and machinery also facilitated 
the switch to higher yielding winter varieties and increased the grower- 
flexibility to choose cropping patterns. Increased mechanization, 
fertilization, and pesticide use minimized the need to rotate crops and 
relaxed the relatively inflexible rotation patterns followea in the fifties and 

?rt^e^.:a;^^LsV^^wea\L^" '''' '''''' '''' ^^^'^^ 

Mn^rJ^^;?!" 'SPr"^' that technological change similarly affected both the 
United States and France, the rate of change, based on cereal yields has been 

ItlfZ Tt^^]'^ ^° '''''''' ^'^^ yield advantage o er he United 

States in wheat and barley, while narrowing the gap in corn yields ju^ ''^"^ 
rela ively higher emphasis by the French on agriculturaWesearch and 
development indicates that technological enhancements may accelerate in the 

These developments have implications for the competitiveness of these croos in 
wor d markets. Competitiveness depends on many factors, includi g rodua o 
costs, exchange rates, trade policy, and productivity. It is beyond the scope of 
this report to examine the competitiveness issues in detail. The information 
t'h'eVT '''' France, under relatively high prices and o ec of 

the CAP, 1. making a concerted effort to improve farm structure and 
productivity. The payoffs have been large increases in productivity esoecially 
in cereal yields. Recent studies indicate that French cereal producers are 
competitive vith U.S. producers in world markets (22, 34 49 65) cSmmu^ity 
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GRAIN TRADE 



Cereal trade is increasingly important to France, not only to generate foreign 
exchange, but to reduce surpluses in response to sluggish dompstic demand. The 
importance of exports to French cereal producers can be ascertained by 
calculating the proportion of cereal area devoted to production for export. 
From 1980 to 1983, France exported production from 57 percent of the wheat area, 
45 percent of the barley area, and 42 percent of the corn area harvested. 
During the same period, the United States exported production from 30 percent of 
the corn area, 17 percent of the barley area, and 60 percent of the wheat area 
harvested. France and the United States devote about the same proportion of 
their wheaj: land base to exports, while French corn and barlev producers are 
more dependent upon trade than their ' .S. counterparts. 

French exports of wheat, barley, and corn have increased considerably. Wheat 
exports more than doubled during 1975/76-1984/85 marketing years, increasing 
from 8.9 million tons to 19.2 million tons. During the same period, corn 
exports increased 50 percent, while barley exports increased 44 percent (table 
2). Given the increase in exports, one may be tempted to conclude that France 
is very competitive with other countries, including the United States in world 
grain trade. An increase in exports does not necessarily indicate that France 
is competitive because a significant share of French trade is with other EC 
countries, a market that gives preferential treatment to members, while trade 
with non-EC countries is facilitated through extensive use of export subsidies. 

The advantage to being a member of the EC is evidenced by the proportion of 
French exports going to other EC members. During 1975/76-1984/85, 42 percent of 
French wheat exports were shipped to other EC countries, while barley exports to 
other EC countries averaged 54 percent. French dependence on the EC market is 
especially evident in corn trade, where over 90 percent of corn exports were 
shipped to other EC countries. The advantage of EC membership to French exports 
compared with nonmember countries is evidenced by trends in total 'C trade- 





Table 2- 


•-French cereal 


exports 


: Total and 


intra-EC 








Wheat 


Barlev 


Corn 




Marketing 












year 


Total 


Intra-EC 


Total 


Intra-EC 


Total 


Intra EC 






1,000 


metric 


tons 






1975/;*^ 


8,944 


4,241 


4,092 


1,795 


3,218 


2,992 


1976/77 


6,996 


4,518 


2,764 


2,055 


957 


801 


1977/78 


8,083 


5,507 


4,498 


2,336 


2,736 


2,534 


1978/79 


9,718 


4,426 


4,803 


2,397 


3,231 


3,006 


1979/80 


10,579 


3,894 


4,731 


2.5^7 


4,025 


3,776 


1980/81 


13,497 


4,010 


5,544 


2,558 


3,048 


2,732 


1981/82 


13,503 


4,284 


4,706 


2.597 


3,263 


2,970 


1982/83 


13,420 


3,642 


4,151 


2,450 


4,379 


4,107 


1983/84 


14,457 


4,735 


3,896 


2,430 


5,891 


5,479 


1984/85 


19,244 


6,517 


5,907 


2,790 


4,812 


4,397 
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The EC imported 7.1 million tons of wheat from third countries in 1975/76 5^ 
percent of total imports. The proportion of wheat imports supplied by third' 
jountries has decreased substantially since then. In im/R^ thirH rm.ntr-ipc 
supplied 2./ million tons (20 percent) of total wheat imports! Vrench'whe'at^" 
exports to other EC countries increased from 4.2 million in 1975/76 to 6 5 
million tons in 1984/85. Similar developments occurred in barley and corn 
trade. Third countries supplied 40 pe-cent (2.3 million tons) of EC barley 
3 lu""^ their nhare decreased to only 5 percent (0.26 million 

ton) in 1984/85. The reversal was equally dramatic in corn imports. Third 
^StJ 7T'kTP\''^?° percent (14.3 million tons) of total EC corn imports in 
Iflli tr (^-"^ ^^^84/85. French ekpo.^s to 

other EC countries on the other hand increased during this time. Barlpy exports 
f-om France to other [;C countries increased from 1.8 to 2.8 million tons while 
corn exports increased from 3.0 to 4.4 million tons. 

French wheat and barley exports to third countries also increased. In 1975/76 
France exported 4.7 million tons of wheat to third countries. Wheat exports ' 
almost tripled; equaling 12.7 million tons ir. 1984/85. Barley exports to third 
fSfl55«T' Increased 36 (.ercent (2.3 to 3.1 million tons) from 1975/76 to 
1984/85. The EC subsidizes wheat and barley exports to non-EC countries. Data 
iVnZr'lnt n^P^J ^^^^'^^^l^V However, for 1982-84, 66 percent of EC-wheat and 
7d percent of EC-barley exports to non-EC countries were subsidized through thp 
open tender system.:^/ Because most of the wheat exports and a sizeable portion 
of barley exports come from France, French exports to third countries 
undoubtedly benefit. 

Based on the trade data, it appears that the CAP is successful in proi^otinq 
intra-EC trade As the largest grain producer in the EC, France has benefited 
Dy increasing trade with member countries, while variable levies limit the 
ability of nonmember countries, including the United States, to compete. The 
ability of French grain exports to compete in third countries is enhanced with 
the expori subsidies provided by the CAP 



APPROACHES lO ESTIMATING SUPPLY RESPONSE 

The previous sections presented information on cereal yields, area, production 
and trade. In order to be able to characterize the production technology and ' 
ascertain changes in outputs and inputs from changes in prices or other 
exogenous forces (and thus determine competitiveness on world markets) 
relationships between inputs and output need to be quantified. Several 
approaches are available, ranging frcm deterministic programming models to 
stochastic models that use econometrics to estimate the relationships. The 
method chosen depends '.pon data availability, objectives, and time constraints. 
Two of the more common methods of estimating supply response using econometrics 
are presented, and some of their advantages and disadvantages are discussed. 

One approach to estimating supply begins with the theory of the firm, assumes 
producers maximize profit (within a perfectly competitive market) is only 
constrained by the technology available, and employs first order conditions for 
profit maximization to derive output supply and/or input demands. Th-'s approach 
provides a link between theory and empirical estimation, and it provides 

3/ Open tender system is one of the methods used in the EC to facilitate 
exports exporters submit bids to the Cereal Management Committee statinq the 
volume they want to export and the subsidy that will be granted 
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theoretical restrictions on the behavior of supply and demand equations that can 
be econometrical ly tested. Information on technology is provided, and issues 
(such as degree of substitutabi 1 ity among inputs, economies to scale, and other 
production relationships can be addressed). The unknown parameters are usually 
estimated with cross sectional data on firms, or highly aggregated (sectoral or 
industry level) time series data. Explicit or implicit assumptions associated 
with this method include instantaneous adjustments, continuous substitution 
among inputs, and, usually, input and outnut prices are exogenous and known with 
certainty. 

This approach to estimating production or supply is well-Tounded in neoclassical 
economic theory. Parameters are estimated conditional on the data once a 
functional form for the production or profit function is specified. Early 
applications involved estimating production functions. One proDlem of 
estimating a production function (abstrac\:ing from problems of defining and 
measuring inputs, especially capital) is simultaneity bias ^^ccause inputs and 
outputs are jointly determined. Secondly, biased estimates will be obtained if 
there are variables that are observed and employed by the decisionmaker when 
determining quantities of other explanatory variables, but are left out of the 
equation (because data was not collected or for other reasons) (80). 

More recent approaches to characterize technology aiid derive input demands or 
supply functions are based on duality and specify cost or profit functions. The 
fundamental principle of duality is that all economically relevant aspects of 
technology are captured by the cost or profit function. Estimating cost or 
profit functions has become increasingly prevalent because these functions allow 

?reater flexibility when specifying factor demand and output supply response 
43). 

The cost function represents the minimum cost of producing any specified output 
level given the technology and is written as a function of input prices and 
output level. Properties of the cost function are discussed in (80). By using 
one tf those properties, Shephard's Lemma, the conditional demand function for 
an input is obtained by differentiating the cost function with respect to the 
input price. 

The profit function gives, for each set of prices, maximized profits. It is 
less ^ictive then the cost function and is written as a function of input 
and output prices. Properti'^s of the profit function are discussed in (8.0) . 
Using one of those properties, Hotelling's Lemma, one obtains the supply 
function by differentiating the rrofit fun:tion with respect to output price, 
while input demands are obtainea by taking the negative of the derivative of the 
profit function with respect to input price. 

Primal production or transformation functions, and dual cost or profit 
functions, have been used to estimate agricultural supply -^unctions, assuming 
single or multiple outputs. The advantage of using the dual rather than the 
primal approach to derive the estimated factor demand and ou^.put supply 
responses is that one does not have to solve a complex system of first order 
conditions to undertake comparative statics. The dual approach also has the 
econometric advantage in that the exogenous variables (input and output prices) 
are on the right side of the equations, while endogenous variables appear on the 
left side (43,, 58, 63). 

Agriculture is considered a competitive industry and, thus, is well suited to 
these methods for estimating supply and input demand equations. Applications of 
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the dual approach in agriculture have expanded considerably since the early 
seventies, indicating its usefuln ss. Several cost or profit functional forms 
have been used to estimate factor demands and output supply, assuming either 
single or multiple output(s). These functional forms (such as generalized 
Leontief, translog, and generalized Cobb-Douylds) are flexible Decause they 
impose few a priori restrictions on technology. The interested reader is 
encouraged to examine some of the literature cited that employed these 
approaches to e.^imate supply response and other relationships (6 12 13 36 
ii, 40, 4i, 42, 43, 44, 45. 59, _63, M. 8i). The list is not al 1 ' ^'^luli but 
does represent 3 various different approaches taken in applied vork. T .' 
reader .hould r.ote t'.e different functional specifications employed, the 
restrictions imposed, _nd conclusions reached regarding the production 
technology and the relationship between inputs and outputs. 

The other popular app-oach to estimating agricultural supply response is more ad 
hoc in that the theory of the firm does not play a significant role in ~ 
specification and estimation of the models. Behavioral assumptions (such as 
profit maximization or cost minimization) are not formally incorporated (18, 
iZ). In Its usual application, this method employs time series data (usually at 
aggregate rather than firm level) to estimate single equation, single output 
supply, as a function of input and output prices. Generally, the functional 
spec IT 1 cat ion is linear or log linear. 

This approach has been used to estimate both static and dynamic supply 
re.ations. Dynamic supply response relationships (generally postulated as 
distributed lags) are attributed to Nerlove's work in the late fifties (37) 
Unlike the dual approach, which assumes that prices are known, the NerloVe model 
assumes that farmers react to expected prices, and there are adjustments and 
other costs thai; prevent farmers from adjusting fully to those expectations (7 
8). ThP Limple Nerlove model consists of three eo-'nions that expla i desired' 
acreage, expected price and actual area planted (7, 8, 51). The moCL-l can be 
solved in reduced frrm for actual acreage planted as a function of expected 
price arid otficp exogenous variables. 

In empirical applications, different assumptions have been employed to describe 
price expectations, including naive expectations which assume that expected 
price IS the previous period's price; adaptive expectations wnich assume that 
urrent expected price differs from past expected price by a constant amount 
proportional to previous forecast error; and rational expectations -^hich assume 
that expected pi ice is a function of the expected values of the exogenous 
variables (3Z, 62 . The rational expectations approach has not been employed 
often due to complexitif s of translating the model into observable variables 
v^j. In addition to different assumptions regarding price expectations 
different functional forms such as Koyck or Almon lags have been employed. 

Be.ause these models are not formally derived from axioms of individual 
behavior estimation usually consists of a researcher using personal judgment 
and i^nowledgfe of the market to decide how price expectations are formed and 
which price variables to include in the model. Price series most frequently 
cited in the extensive studies reviewed by Askari and Cummin^s include: 1) 
producer price, 2) ratio of producer price to some consumer price index 3) 
ratio of producer price to producer prices paid index, and 4) ratio of proojcer 
price of the crop in question to the price of mos- competitive crop(s) (7 8) 
The researcher must also specify a }ld relationship to estimate production * 
when the dependent variable is area ^danted. 
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The popularity of the i n iuvion approach to estimate supply response by either 
estimating single-product supply for commodity analysis or by building large 
scale models is ev'idenced by the large number of studies cited by Askari and 
Cummings (7, 8). 

An obvious advantage to this approach is the availability of data on area 
planted or harvest and output prices. In addition, these models' dynamic nature 
makes them more suitable for dated forecasts, and their partial nature allows 
flexibility in developing appropriate dynamic structures (18, 38). 

The ad hoc nature of these models is one of their limitations. Output prices do 
not capture all the ^^^levant information. For example, supply is a function of 
relative profitability in the neoclassical model. Changes in market prices do 
not reflect changes in relative profitability, unless costs and yield of 
competing crops remain the same. In an effort to correct this limitation, 
relative prices and expected returns have been used, rather than expected 
prices. Cost data generally are not available and the researcher has to use 
gross returns as proxy for relative profitability. Gross returns also do not 
reflect relative profitability, except under some very strong assumptions, in 
addition, insufficient attention is often given to the form that prices enter 
the supply function. Another problem is the use of area, an input in the 
production process, to represent planned output. There also are statistical 
problems associated with estimating these models due to serially correlated 
disturbances (7, 51) . 

The purpose of the discussion was to briefly present two frequently used methods 
that utilize econometr ix.s to estimate supply response. It was not meant to be 
exhaustive nor totally inclusive. The reader undoubtedly noticed that the two 
approaches utili:e similar explanatory variables, notably prices. Models that 
have utilized the profit or cost function approach have tended to emphasize 
examination of technological relationships, substitution among inputs, economies 
of scale, and impact of tech.iologica 1 change on input use. However, they have 
also tended to rely on sectoral rather that commodity specific data. Even 
multiple output profit functions have been utilized to estimate relationships 
among aggregate commodity groups, such as crops and livestock, rather than 
specific commodities. 

Models that employed Nerlove's approach were used to estimate crop or commodity- 
specific supply models. Some models have been used to develop large-scale 
econometric and simulation models. With respect to cereal supply in the EC and 
more specifically France, technological improvements played a significant role 
in cereal production. Consequently, the theoretically consistent, multiple 
output profit function approach would produce relevant information on the 
relative competitiveness of French cereal production. However, data to 
in)p''eK.ent this approach for specific crops were not available. Furthermore, 
price expectations were considered important to output response. C'^nsequently, 
Nerlove's approach to estimoting acreage response for the three maj;r grains 
proQuced in France was used. Before prese.iting the results, I review some of 
the r3levant studies that estimated cereal production either for the EC or 
France. 



EC AND FRENCH CEREAL PRODUCTION MODELS 

Econometric studies of cereal production for the EC and France, written in 
English, are scarce. Of the few that have been located, the majority have been 
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developed as components of larger models that examine issues such as world wheat 
trade (10, 30, ^), impacts of alcohol production from corn on selected mupkets 
(32), or the effects of EC policies on wheat production (46), 

These models were estimated using aggregate EC data and illustrate the variety 
of variables and approaches used to estimate models based on Nerlove's 
methodology. Gardiner used naive price expectations to estimate separate EC 
wheat and corn area equations as functions of own expected returns and area of 
other cereals (32). Schiff, on the other hand, postulated that producers could 
forecast wheat prices with certainty because he assumed that producer prices 
equaled policy prices (61). Thus, Schiff did not specify a price expectation 
equation. Price expectations were not used in the wheat model developed by 
Meilke and de Gorter (46) nor 'in the corn and wheat models developed by 
Bahrenian and others (9) and Devadoss and others (27). 

A consensus among modelers on the appropriate dependent variable is also 
lacking. Both the Gardiner (32) and the Meilke and de Gorter (46) models used 
area harvested as the dependent variable, while the Schiff (61) model used 
expected output (defined as expected yield times last periods area harvested) as 
the dependent variable, ^evadoss and others (27), on the other hand, assumed 
that wheat area was exogenous and estimated a wheat yield equation. Bahrenian 
and others (9) used corn yield as the dependent variable in their EC corn 
equation, while barley area harvested was the dependent variable in their barley 
equation. Supply in the Schiff (61) model, therefore, was directly obtainable, 
while the other models needed to specify additional equation(s) or identity(ies) 
to obtain supply. Gardiner (32) specified a yield equation, while Meilke and de 
Gorter (46) estimated output as a function of area and a time trend. Bahrenian 
and others (9) and Devadoss and others (27) used the identity that production 
equals area times yield with either area or yield exogenous, depending upon the 
equation. Meilke and de Gorter (46) were able to incorporate the price of wheat 
and barley (deflated by production cost lagged one period) in their estimation 
of wheat area. G^'^diner (32) and Schiff (61) reported that when prices or 
expected revenue 1 fom competing cereals (such as barley) were included in their 
model, results were drastically altered. Bahrenian and others (9) and Devadoss 
and others (27) did not include price of competing crops in their estimations. 
Cross price effects, therefore, could not be calculated from these models. 

Cereal supply models specifically fo^ France are also scarce (especially in 
English). A recent literature search for cereal supply models by Caspari and 
others (15) identified two studies, one of which was available in English. The 
French models that we identified also employed Nerlove's methodology and, a^ was 
the case for the EC models, different specifications and variables were used. 

One of the first grain production models for France published in English was 
developed by Oury in the early sixties (54). Oury separated cereal into wh'^at 
and feed grains and estimated production directly by using production as 
dependent variable and indirectly by estimating a yield and an area equation. 
Oury preferred the indirect approach and presented several estimated equations 
employing a variety of variables. The yield equations that he preferred 
contained several environmental variables and prices as explanatory variables. 
Area was also estimated as a function of environmental variables and prices. 

The EC Commission was also interested in undersuciiding and quantifying cereal 
supply for the EC. Rather than estimating EC production from aggregate EC data, 
models were estimated for each country. A model of French cereal production was 
estimated as part of an overall EC cereal model (83, 84)- The larger countries, 



such as France, were further subdivided into regions. The French cereal model 
consisted of yield and area equations for each cereal in three regions. Yield 
was specified as a function of time and weather variables. Area equations were 
estimated using the ratio of individual cereal area to total cereal area as the 
deoendent variable and previous year's own expected returns as independent 
variables. Cross-price effects were not included because of multicol 1 inear ity 
and other estimation problems. The difficulty ol estimating cereal supply 
relations in F.^ance was highlighted by the fact that different specifications 
were employed to estimate area response in each region. Although the first 
study (84) reported standard errors, the updated version (83) did not provide 
information on whether estimated parameters were statistically significant. 

Another study that included estimating wheat and barley proauction in France was 
conducted by Muriel (49). He developed a wheat and barley model for each of 
four EC countries, including France. His model consists of a yield and area 
equation for each crop in each country. His results indicate that for France, 
wheat area was best explained using prices rather than returns. The independent 
variables in his equations were wheat and barley prices lagged one period. 
Yields were estimated as a function of own output and fertilizer price lugged 
one period. 

One of the more detailed examinations of area and yield response equations for 
wheat, barley, and corn was published by the French Ministry of Agriculture 
(47). The area of each crop was expressed as a ratio to total cereal area, 
while explanatory variables included lagged output price ratios or output prices 
deflated by the GDP deflator. Several specifications for each crop are 
reported. The results suggest that wheat competes with barley and corn for 
land, while barley and corn do not compete. Yield was estimated as a function 
of fertilizer consumption and/or capital per hectare, using cross sectior. or 
time series data. Yield equation results were not satisfactory; the explanatory 
power of each equation was low, and most of the estimated coefficients were 
ins Ignif icant . 

One of the problems with the ministry's model (47) is that it is difficult to 
ascertain the influence of the exogenous variables because the estimate^' 
coefficients are not reported, nor is it possible to determine how well the 
equation explains the variation in .he dependent variable because the is not 
reported. Based on the estimated t statistics that are reported, the results 
indicate that inclusion of all three output prices (wheat, barley, and corn, 
whether as a ratio or deflated) produced insignificant coefficients in the area 
equations due to multicol 1 iiiearity. 

An econometric mode of French agriculture has been developed (MAGALI) that 
explains the supply of 27 agricultural products, including cereals {S). 
Unfortunately, detailed specification and estimation results are not available. 
It is reported by Albecker and Lefebvre that in estimating area equations, price 
variables were insignificant and were replaced by variables indicating 
profitability (the nature of these variables could not be determined) (5). 
Results of wheat and barley yield estimates were provided in a follow-up study 
(4^). Wheat and bar ley yields were estimated as a function of time, own output 
price, input price (both prices deflated with up to a 4-ycar lag), and several 
environmental variables. The specification in (48) was the best with respect to 
Statistical significance of the estimated coefficients. However, the is not 
reported, so the explanatory power is not known, and they obtain some perverse 
results. For example, a reasonable assumption is that an increase in output 
pric^ will increase yield while an increase in input price will have the 
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opposite effect. If there are adjustment lags, then the absolute value of the 
adjustment coefficients should decrease over time; prices in the more distant 
periods should have a smaller impact upon yields. There are no reasons to 
expect sign switches over time; that is, output price should not switch from a 
positive to a negative effect on yield over time. Both wheat and barley yield 
equations did not fulfill expectations. The estimated parameters indicate that 
an increase in wheat price in year one increases wheat yields in years two and 
three, but decreases wheat yield in the fourth year. Based on the magnitude of 
t':e estimated coefficients, the longrun effect of a price increase on wheat 
yields is smaller than the shortrun effect (the absolute value of the most 
distant coefficient is the largest; hence, the sum of the coefficients is 
smaller than the one-period coefficient). The impact of a change in input price 
also changes over time. Similar results were reported for barley. 

All the models identified used a variation on Nerlove's methodology by either 
explicitly incorporating expectations or implicitly assuming iaive expectations 
by employing lags. Explanatory variables were selected mostly on the basis of 
statistical considerations (whether the variables are statistically significant 
and have the Vight sign'). Variables have been specified as linear, log 
linear, ratios, or moving averages, and various deflators have been used, 
including the Consumer Price Index, wholesale price index, GDP deflator, 'and 
cost of production index. The diversity of included variables, specification, 
and time periods used to estimate the various models, preclude the possibility 
of deriving and comparing elasticity estimates. A theme often stated by the 
developers of the models reviewed is the problem with multicol linearity and lack 
of data. The latter is best captured by Weindlmaier and others in their study 
for the EC Commission (84)- These researchers presumably had access to all 
available data, including data not available to others. Nevertheless, they 
state, 

"The following features of the basic data impose constraints on 
quantification : 

* not all the factors we felt to be relevant are covered by the 
available statistics; 

* often there is no appropriate regional breakdown of the 
statistics; 

* the statistical series that are available are frequently 
not long enough for estimating econometric functions; 

* the figures are not always based on direct surveys but may be 
estimates with va-ying degrees of accuracy " (84, p. 128). 



ESTIMATION RESULTS 

Previous discussion clearly illustrates the technological changes that have 
affected French cereal production, along with the difficulties encountered by 
previous researchers obtaining data and reasonable results. The reader should 
keep this background in mind when reading the results. In this section, area 
and yield response estimations for wheat, barley, and corn are reported. 

Price Expectationi 

The price expectation variable ised in this study is somewhat different from 
ones used in other studies. A key component of the CAP in grains is the fixing 
of intervention, target, and threshold prices each year. Policy prices, which 
are exogenous, influence producer expectations regarding prices. Because France 
is a surplus producer, I have assumed that producer prices are closely related 
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to intervention prices. Unlike Schiff, however, I do not assume a perfect 
relationship between policy prices and producer prices. Because of payment 
delays, tff^risportat ion costs, and quality standards, less tnan perfect 
correspondence is anticipated. Expected producer price for each cereal was 
defined as the result from estimating producer price as a function of 
intervention price. The results are (values in parentheses are t statistics; 
values in brackets are elasticities): 

WHNMPR = 1.45 + ,89 WHINTPR adj .98; D.W. - 1.46; F - 1106 
(.40) (20.2) 
[.97] 

CORNMPR = 5.12 + .87 CORINTPR adj R^=.98; D.W. = 2.07; F = 1098 
(4.2) (33.1) 
[•92] 

BARNMPR = 5.12 + .79 BARINTPR adj R^=.99; D.W. = 2.17; F = 2320 



Where, 



(4.2) (48.2) 
[•91] 



WHNMPR = producer price for wheat (ff per 100 kg) 

WHINTPR = wheat intervention price (ff per 100 kg) 

CORNMPR -= producer price for corn (ff per 100 kg) 

CORINTPR = corn intervention price \ff per 100 kg) 

BARNMPR = producer price for barley (ff per 100 kg) 

BARINTPR = barley intervention price (ff per 100 kg) 



The results clearly indicate the high correlation between producer price and 
intervention price in France. These results for France are similar to results 
obtained by Colman {IT) for the United Kingdom; that is, the estimated 
coefficients for the price terms are less than one, indicating the imperfect 
relationship between intervention and producer prices. The estimated parameters 
indicate the discounting that occurs between intervention and producer prices, 
partly due to the factors discussed above. 

Elasticities calculated at the lean indicate that producer price of wheat is 
more responsive to changes in intervention price than producer price of corn or 
barley. At the mean, a 1-percent change in intervention price results in almost 
a 1-percent change in producer price of wheat, but less than a 1-percent change 
in producer price of corn or barley. A surprising result in the relatively low 
estimated elasticity associated with corn intervention price. Because the EC 
was a net corn importer during the period, I expected the discount between 
intervention and producer price to be less for corn than barley or wheat. The 
discounting between intervention and producer price for corn indicates that 
French corn may not be considered a close substitute for the imported corn 
(which in recent years is mostly used by the wet milling industry). Rather, 
French corn trades at its feed value and, thus, competes with feed wheat and 
barley. 



Area Response 

Theory does not provide clear-cut directions on model specification and choice 
of explanatory variables, bc I estimated several formulations. The dependent 
variable in each case was area harvested because data on area planted were not 
available, and the time period of the estimation was 1963-84. The equations 



" 32 



were estimated with OLS, except in cases when serial correlation was indicated- 
in which case Cochrane-Orcutt estimation was used.!/ ' 

Results from seiecLed estimations are reported in table 3. Criteria for 
inclusion in the table included desire to incorporate economic variables when 
possible, the explanatory power of the equation, and reasonableness of the 
estimated parameters. 

The first three equations in table 3 explain the variation in wheat area. Wheat 
area in equation 1 is estimated as a function of expected wheat and barley 
prices. I assumed naive expectations with respect to inflation; therefore 
expected price is deflated by .GDP deflator lagged one year. Both the expected 
price of wheat and il^e expected price of barley are statistically significant 
and have the expected sign. F'-ench farmers increase their wheat area when they 
expect wheat prices to increase, while expectations that barley prices will 
increase result in a reduction in v/heat area. The results confirm that wheat 
and barley substitute for each other. Expected corn prices were not included 
due to multicollinearity. 

The second and third equations .xplain wheat area as a function of expected 
wheat revenue (expected price times expected yi2ld per ha) and barley or :orn 
area. Expected revenue is used as a proxy for profitability because cost data 
werenot available. Area is used to capture competitiveness among crops due to 
multicolinearity among expected revenue variables. Note that variation in wheat 
area is better explained with these equations. The result*; indicate that barley 
or corn can be substituted for wheat, and the relatively larger estimated barley 
area coefficient suggests larger wheat area adjustments when barley area 
changes, compared with the same change in corn area. 

Point elasticities, calculated at the mean, are also reported in table 3. The 
first equation indicates that wheat area is price elastic; a 1-percent cnange in 
the price of wheat or barley results in more than a 1-percent change in wheat 
area. The second and third equations imply that wheat area is very unresponsive 
to changes in expected revenue. 

Variations in b^^rley area are explained by equations 4 and 5. Equation 4 
describes barley area as a function of expected wheat and barley prices and 
y'leat area. The explanatory power of this equation is good, the estimated 
coefficients are statistically significant, and they have the correct signs. As 
anticipated, barley area is positively related to expected barley price and 
negatively related to expected wheat price and wheat area. Estimating barley 
area as a function of expected revenue from wheat and barley rather than prices 
also resulted in significant parameters, but the explanatory power of the 
equation was reduced. Results from the five equations are consistent (that is, 
wheat and barley are substitute crops). When corn price or area was used as 
explanatory variable in the barley equations, the estimated parameters were 
insignificant. The results, although not reported, suggest that barley and corn 
do not compete. The elasticity values from both equations 4 and 5 imply that 
barley aroa is highly responsive to changes in expected wheat and barley price 
or revenue. 

Equations 6 and 7 in table 3 explain variations in corn area. Because serial 
c orr. ' ation was i ndicated, these equations were estimated using Cochrane-Orcutt 

4/ Estimations were made on an IBM-XT using SORITEC^ 
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Table 3-'-Whe«t, barley, and corn area regression results In France* 



Constant 



EXPRWHD 



WHAR 



BARAR 



Equation I Equation 2 Equation 3 : Equation 4 Equation 5 



8,517.80 
(10.96) 

41.7 

(2.56) 

[1.17] 



6,339.1 
(10.3) 



4,302.0 
(27.5) 



4,037.60 
(3.77) 

-25.13 

(-3.64) 

[-1.1] 



CNAR 



Equation 6 Equation 7 



2,882.30 
(3.82) 



2,566.80 
(3.98) 



-272.20 
(-.76) 



EXPRBAO 



E)CPROIDF 



-91.6 

(-3.64) 

[-2.241 



34.59 
(2.07) 
[1.32] 



49.70 

(8.01) 

[1.27] 



E)(WHREV .99 2.44 

(3.5) (8.95) 

[.07] [.18] 

E)(BAR£VD 



E)(WHREVD 



10.45 

(2.21) 

[i.4l] 

-5.0C 
(-1.87) 
[-.94] 



y„.R -.48 -^.39 -^.58 -.37 

(-4.1) (-4.8) (-3.5) (-6.78) 



BARAR --95 

(-4.5) 



-.61 
(-5.05) 



0.53 ^ 0.33 ^ 

(3.78) (4.56) 

9.1 
(3.0) 
[.39] 

73.3 
(98.64) 



Adj r2 


.65 


.76 


.79 


.74 


.69 


.84 


.95 


F 


20.40 


34.10 


40.00 


21.10 


16.50 


36.60 


98.5 


VM 


1.71 


1.48 


1.61 


1.44 


1.29 


1.84 


1.97 



•NunUrs :n parwthases are t-ratios; in brackets elasticities calculated at the mean. T = time trend; WHAR - 
soft wheat irea harvested; BARAR = barley area harvested; CNAR = corn area harvested, (*) = lagged; EXPRWD = 
expectwi p- Ice of wheat, EXPRBAO = expected price of barley, deflated by GOP deflator lagged I year; EXPRNCO = 
•Kp«rM ^rice of corn deflated by fertilizer price index lagged I year; EXPRCN = expected corn price; EXWHREVD 
expected whwit revenue. EXBARtVD = expected barley revenue, both deflated by GOP deflator; EXWHREV = expected 
wheat revenue. 
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procedure. Corn area is estimated as a function of exoected orice nf mm fhn 
previous years corn area, and wheat area (equation 6)"'^ fhTresuUs Loal^t n!t 
when expected corn price increases, corn area incllL . JT.Vll'l'B''^ *^*'* 
harvest corn tend to harvest more the following year: ^ 

rt?nS\Ven"d^-s'add%?^ I' ^'^^^'^^ fertilizer price index and 

impJ^ed oJer eauaJio; 6 Th^'' ^-T.' is'substantially 

^ ? c%;:s^?nT3:r?ng III e^n?!??^^ p' ?ii3t?V^s^^^ oTr^JSa^^^^ict" 
Corn and wheat tend to compete for land, whereas, bIr^eyaSd ?orn dJ nSt^ fhi. 

°° h?gh"':Hh'; IIVXIIT 

lulr'i'lVr. r-"^"" ^"•9'^-e<l"at,on estimation techniques that 
assume areo allocation decisions of compet no crops were exooenous tho „m! 
assumption was made by Bahrenian, DevadSss, and M?ye^ (9) Ga?diner im T.^ 
Min.stere de 1 'Agriculture (47) in estimat ng their Leh' This ml» fa 

e" n Mng^^r-r^oJrif ^?a'nt^' ?7 ""Al' x^'" ^' P'-ted 7tll UU or 

using full-information-maximuni-likelihood procedure. The resuUs ft st^??^t,v. 
are in parentheses; elasticities in brackets) are: ^ statistics 

WHAR = 4510.5 +2.82 EXWHREV - .82 CNAR 
(31.2) (11) (-7.6) 
[.20] 

BARAR = 4839.7 +30.78 EXPRBAD - 24.55 EXPRWHD - .6 WHAR 

[S'eai ttih 



CNAR 



^ " ^^^^^^^^ • ""Af^ * -22 CNAR(~1) + 58 T 

^^-"^^ (3.0) (-6.5) (3.8) (7.8) 



The two estimation procedures resulted in similar values for the estimated 
p^hI^JpS"^' ^"^^l^^ticities in the wheat and barley equa?ions However the 

w ? e%^ c'e'llHclEv'^'ror:" '''^.'^K? ^^^^ '"bs'tantial iy ctng^ed,' 
Drice in [Ju nfr^J^^ ^"^^^ highly inelastic with respect to corn 

hicher is ti?l 5n! J^' J°T"" elasticity (0.49), although slightly 

Expected Yield 

Xcjed''5n1'"tiL^'r'"S'' ".^t"""*"" "f biological and technical progress as 

expected output prices. The estimated parameters were not significant, and the 
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results are not reported. Specifying technological progress as a time trend has 
the limitation that technological progress is assumed to occur at a constant 
rate over tir;;. Tinie trend is often used as a p'^oxy for technoloQical progress, 
however, because other variables that satisfactorily capture technological 
progress are lacking. Wheat and barley yields were estimated using OLS, while 
the corn yield equation was estimated using Cochrane-Orcutt. The regression 
results based on data from 1963-84 are (numbers in parenthesis are t-ratios; in 
brackets, elasticities): 



WHTYLD = 



3.8 + 
(4.3) 



.09 T 
(6.5) 



1.32 RLFERT 
(-4.4) 

[-.89] , 

Adj r2 = .91; 



+ .0008 WHAR 
(3.4) 



D.W. = 2.04; F = 68.3 



BARYLD = 7.66 + .062 T 
(4.6) (4.9) 



- .78 RLFERT - .001 BARAR 
(-2.3) (-6.4) 
[-•61] , 

Adj r2 = .73; D.W. = 1.96; F = 20.4 



CORNYLD = lj.67 + .19 T - 3.27 RLFERT - .002 CNAR 
(9.76) (10.96) (-7.5) (-6.4) 

[-1-87] ^ 

Adj r2 = .81; D.W. 2.16; F = 28.8 



Where, 

WHTYLD = soft wheat yield (metric tons per hectare) 

BARYLD = barlfy yield (metric tons per hectare) 

CORNY' D = corn yield (metric tons per hectare) 

T = time trend (1963 = 1 1984 = 22) 

RLFERT = deflated fertilizer price index lagged one year. 

The est .natcd yield equations (espgcially wheat and corn) perform very well as 
reflected in the relatively high R*^. The estimated coefficients are significant 
and have the right sigr. As expected, yields increased significantly over time. 
The results indicate that each year corn yield increased 190 kilograms per ha, 
while wheat and barley yields increased 90 and 60 kilograms per ha respectively. 
As anticipated, expected fertilizer price is negatively related to yield. 
Growers use less fertilizer when expected fertilizer price increases, thereby 
reducing yield. The calculated elasticities indicate that wheat and barley are 
not very price responsive to changes in fertilizer price, while corn is 
relat-i'-ely responsive. The results further suggest that increasing wheat area 
has a positive impact on yield, while expansion of corn or barley area has a 
negative effect. For corn, this result may be due to area expanding to new 
locations faster than the development of varieties that are better suited to the 
new locations. For barley, the negative effect may be due to area expansion 
occurring on marginal land because the better land is allocated to wheat. 

It appears that area harvested is dependent upon expected output prices and area 
harvested of competing cereals, while yields depend upon fertiliz.er price, 
technology, and area. Single-equation estimation results indicate that French 
cereal area is relatively price responsive, while system estimation results 
indicate that corn area is inelastic with respect to changes in corn price. 
Wheat and barley yields are not very sensitive to changes in fertilizer prices, 
while corn yield is. 
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The relatively high price elasticity is surprising. During the debates on TAP 
reform It was suggested that pr ice reductions would not effectivelv redJ?e 
supply because cereal production was assumed to be price unrespo^s due ?o a 
lack of production alternatives. As stated previously, ce?eal S'tion was 
;:S??J?9^^,*^^°"9h the early years of the CAP because h^EC had a ce^Jeal 
tllV. \ S°"5S^"e"tly. cereal area in France increased as a propor"on of 
arable land. More recently, protein and oilseed crops have been develSoed that 
can compete with cereals in resource allocation decisions DeveloomeK 
protein and oilsr.ed crops has been very recent, and tJeJ could no?Te 
incorporated in th s analysis (incorporation of produce? p?ice for rLseed in 
area equations produced insignificant coefficients). rapeseed in 

Estimated area response equations are reasonable and consistent with mo«;t 

Se'ir^^Des' ?^'the'datT??.'?T^^- V'? ''''' response"! ua??Jnra?sr erformed 
well. uespit3 the data limitation prob:ems, the explanatory Dower of thp 

suSsSu??on'°'"f'::-^ ^t'-''t^^' with previous attempts fL'da^confiJmed the 
substitution relationship between wheat and barley in France f47 48) Tt 
suggested in the Agra Metrics Report that wheat afe^i pSs it i-T^lv related Jo 

S nc' rL?n'!'tt tnll' >h '''''T'']' between barley are'rin^^fiLJ' e 
f^incertain it can be either positively or negatively related to wheat orice (H) 
The resu ts also confirm the substitution relationship between wheat aKd corn ' 
and the independent relationship between corn and baHeralluSed to in ?48) 
Previous studies that reported estimated elasticities for France were no Wound- 
therefore, the results hefe could not be compared with previous s?Sdies? ' 

The reader is reminded that, due to data limitations, estimated results suffer 
from biases because of left out variables. The stab lity of the ""mated 
parameters is questionable because of multicollinearty problems This last 
problem is a universal complaint among those who have attempted to est ma?! 
cereal production in France (and the EC), using prices as Kna?orv JaJ^dbles 
During the period of the esfmation, the CAP resulted in rll Stile roredicJabl^ 
increases in policy prices with very little variance The silo scheSe 
frJ^Tti 'th P'?''^"" ^^'''''^'"Q P^^"5 amonS the cereals The 

5^ff kuU?es a?^ain^nS'';l^'h'r'^''' ^^'^ presumably better access to da a had 
?^ If^Jii fhJ J "f^^ behaved, robust estimates. In the MAGALI report it 

IS stated that because of multicollinearity problems the stability of the 
estimated parameters is not assured (48) staoiiity ot the 



FUTURE PROSPECTS 



Iloselv're'fatPd'J^l?""""'*''*"^ P"^^'^^^^ P^^'"^ harvested area are 
closely related to policy prices. Consequently, future prospects and 

deci ?oT n I' r.''^ production are i?ltertwined'^w?th pj i cal 

decisions in Brussels. The evolution of the EC from one of the world's laraest 
grain importing regions into one of the world's largest g?ain expS^tinq regions 

c tf ?hrc5S :?o; Coj^unity is facing large^urpluses anS'mo n' 

costs, ihe lommission has attempted to implement several modif icat^'ons in thP 
cereal regime to reduce surplus production'and budget expo^?e p^obleSs. 

The first attempts of the Commission to deal with the budaet costs and surnli.^ 
prob ems (the -guarantee threshold'" linking policy prices ?o cere^ Sroduc? on 

g? elo ?J 1i u- u"l'^''''^^^^^'^^^■"V"'"• Min5sters"ere''Jn'aM" 0 
(S ?he QuaJSnJeP thi;^hEiH""* P'l" ""Eduction proposed by the Commission 
5 Serpent) ^ ?hf JoL-Jc ^°"^^P*' P""'"^^ ^^^"1^ ^"^"^ been reduced the full 

b percent). The Commission has made several new proposals to alleviate the 
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budget and surplus disposal problems, starting with the 1986/87 marketing year. 
Proposals include: reducing the intervention price of feed wheat and barley by 
5 percent, freezing intervention price of bread wheat and corn, tightening the 
quality standards for cereals sold to intervention, imposing a 3-percent 
coresponsibility levy on all marketed cereals, and reducing the time period in 
which cereals can be sold to intervention. 

The proposals are to restrict price policy and to encourage producers to 
decrease production. The price reductions are denominated in ECU. Actual price 
reductions to producers in each member state, expressed in domestic currency, 
will depend upon: "green rate" adjustments, cereal quality, and the proportion 
of cereals that can be diverted^ from marketing or intervention chains. 

The impact of the intervention price reductions on French cereal production is 
not certain. The results partly depend upon changes in green rates and the 
translation of the intervention price from ECU to French francs. The new 
quality standards may also affect the level of discounting that occurs between 
intervention price and producer price. If I assume that the relationship 
estimated between intervention price and producer pr^'ce during the period when 
prires were increasing continues when prices decrease, then a 5-percent 
reduction in intervention price in francs will result in producer prices 
decreasing 4.9 percent for wheat and 4.6 percent for barley and corn. If the 
elasticities based on 1984 values are used, than producer prices will decrease 
5.2 percent for wheat, 4.9 percent for corn, and 4.8 percent for barley, given a 
5-percent reduction in the intervention price. Based on our results, if 
everything else is held constant, the 5-percent decrease in the producer price 
of wheat will result in more than 5-percer^ decrease in wheat area. However, 
because of the relationship between wheat and barley, the reduction in barley 
price actually causes wheat area to increase. Results suggest that barley area 
will decrease because the own price effect is larger than cross price effect. 
The proposals do not include a decrease in the price of corn, so there should 
not be a price effect on corn area. However, the relationship between wheat and 
corn suggests that corn area should decrease as wheat area increases. 

Primary interest is on production and not on area response. The effect of the 
price proposals on production depends not only on area but on yield. The 
results indicate that cereal yields in France have increased independent of 
output prices. To the extent that this continues, it is difficult to predict 
supply response because of the new price proposals. The results also suggest 
that yield depends upon harvested area, and based on expected area response, 
yields should increase. 

The production response to lower prices is subject to the caveats mentioned 
earlier, including the relationship between cereals and other enterprises. 
Farmer response will depend not only on relative cereal prices but also on the 
relationship between cereal profitability compared with competing enterprises 
such as oil or protein crops and on nonfarm income opportunities. Profit- 
maximizing producers will plant a crop mix that is consistent with their 
objective(s). French growers do not have many alternative options. Sugar and 
dairy are produced under quotas, developments in oil and protein crops are 
relatively new, and policy price adjustments are also being discussed for these 
crops. In addition, the relative riskiness of competing enterprises will also 
affect the eventual outcome. 

Another factor that will influence cereal supply response is farm structure. 
Lower cereal prices may accelerate the move out of agriculture by inefficient 



SrS^'n^n'.''"^' 'I ^'""^ ^"^"^^^ to ^"crease average farm size, production 
'^<^^t^^^i^%^J^% Because ?f these con^iSe^a??^^^ it 
price proposals. i^npact on cereal supply of the new 

Cereal prices in real terms decreased consistently, while production increased 
because productivity increased faster than inflation. Curfentl^ ?Sf a?ior his 
moderated in France, which implies that price declines in real terms wtlL 
slowed by the ower inflation rate. The present reduction in oil price implies 
that energy prices should decline along with the price of fertize^solant 

DOS ib '''''' petrole m e'is' 

incrP. P ^h.t . P-^oduction costs may be reduced, which would encourage yield 
increases that could mitigate the output effect of lower cereal orices 

? r> nce-r b '''' ''I ''r^r' °" '''''' prospects or c r production 

IS trance s ability to export. The freeze of policy prices at current IpvpIs 

S?ca 1h t% nc'^'^J r'"' prStected'' Budge d f 

indicate that French producers are competitive in the Community (22 29 47 5'; 

S ntripT'Snh''' '.^^t-'' '^'''^ P^^"" d^^l^"^" than othi'EC 

suffl encv ol ^ hp?7r'/'^;'*^°"'/""^* ^^^^^ Production and reduced self- 
suTTiciency of other EC countries. France may be able to increase exoorts tn 
these countries. W th respect to trade with Lmember counf^ies the Proposed 
price reductions will have minimal effects. The difference between dSJ2s?ic.nd 
world prices are bridged with export refunds. This po^icTis n'^t expe^eS ?o"' 



and'portuJal wn^f^uf* countries with the addition of Spain 

and Portugal will also influence developments in France. Spain and Portuaal 
currently import gra ns. As the CAP is impleniented in these iwo coun?Hes more 

It is difficult to predict the decreaip in produce,- prices imjlied bv the 
current Commission price package, it is also difficuli 1o p?ed ct the suddIv 
response short or long run) implied by the proposals. Predict nq the sudd v 
response to the proposals requires knowledge of the resuming 'elat e r ?e^ 
ratios of competing and complementary enterprises input costs stn rtJI 
technolog cal developments, and the effect of th^propo a?r5^pr5Sucers' 
assessment of pr ce risk and uncertainty. Additional con dera ion th' t 
influence the outcome include the- following questions: '^^^^^lons tnat 

Can the productivity growth over the past 20 years continue? 
varieties? tradeoffs between higher yielding and higher quality 

0 To what extent have current technological developments been adopted 
what were the conditions that stimulated such rapid incre.^se in 
production, and will they continue? incre.^se in 

0 Are the possible price reductions sufficient to alter production plans? 
Preliminary indications suggest that price reductions in the 20-30 oercent rannP 

pr'obi^sr (1 i5r't;'?psu{tfr"r -° a?-.e':Lie\ 

proDiems [1^, 65). Our results for France suggest that given the data, cereal 



0 
0 
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area is elastic with respect to output prices. Because price response and 
technological developments differ among the commodities, proposals should be 
more commodity specific in order to reduce the likelihood of imposing quotas in 
the cereal markets as was done for the dairy markets. 

The implications for the United States ^nd other exporters are not encouraging. 
The world market is being reduced with enlargement. The EC grain market 
continues to be restrictive to foreign imports, while technological and other 
improvements result in continued expansion of output. The coresponsibi 1 ity levy 
may encourage more onfarm feeding, possibly reducing demand for cereal 
substitutes, while competition in foreign grain markets with the EC will 
continue. It is not likely that the current proposals will significantly reduce 
cereal production, and the EC has not given any indication of withdrawing from 
foreign export markets. The Commission is proposing a program to boost grain 
exports that goes beyond normal export refunds. The proposed pi^ogram will 
include EC financed subsidies to extend credit, maritime freight, and insurance 
(1). 



CONCLUSION 

In this report, the CAP in cereals was reviewed, trends in France's cereal area, 
yield, and production were examined, and area and yield response equations for 
wheat, barley, and corn were presented. Since 1955, certain trends become 
apparent: area in oats decreased and corn area increased considerably. Since 
the midseventies, there has been a major shift toward winter wheat and barley, 
and the proportion of cereal area to total arable land increased considerably. 

Concomitant with this increase in area has been an increase in average yield and 
production. Over the past 30 years, cereal production in France increased 144 
percent, while average yield increased 127 percent. 

Cereal area and production increased due to technological and structural changes 
in French agriculture. Varieties were de/eloped with higher inherent yield 
potential, and growers adopted them. Other development facilitated the adoption 
of higher yielding varieties and insured that the higher yield potential was 
realized. These developments included larger farm size, increased 
mechanization, and increased use of purchased inputs, such as fertilizers and 
plant protection inputs. All of these change are interdependent. Increased 
farm size allowed specialization and generated more earnings. This relaxed the 
budget constraint, enabling growers to increase their use of purchased inputs 
and machinery. 

Increased use of purchased inp'its and machinery also facilitated the switch to 
higher yielding winter varieties and increased the growers* flexibility to 
choose cropping patterns. Increased mechanization and use of fertilizers and 
pesticides minimized the need for crop rotation and relaxed the relatively 
inflexible rotation patterns followed in the fifties and sixties, enabling 
cereal area to expand. Increased mechanization also allowed growers to plant 
more area in a shorter period of time, freeing them somewhat from the vagaries 
of weather and the cropping pattern of winter wheat and spring barley. The 
tremendous increase in corn area and production during 1955-84 is another 
indication of producer willingness to employ technological improvements. Corn 
developed from a re' tively minor crop grown in the southwest of France to the 
second largest graiii in terms of value. 



Technological and structural changes resulted in wheat, barley, and cor-^ yields 
increasinc at a faster rate in France than in the United States. France s 
increasing its yield advantage in wheat and L rley and is catching up to u's. 
corn yields. These developments occurred during a period when the EC attempted 
to increase farm income by granting relatively large price increases through the 
intervention and threshold price mechanisms. The results from expected price 
equations indicate that producer prices in France are closely related to 
intervention prices. That is, producer prices in nominal francs were basically 
determined by price setting in Brussels and were somewhat independent from 
demand and supply considerations. Increases in intervention prices coupled with 
green rate adjustments i,i France resulted in predictable and consistent price 
increases in nominal francs. Producers, when making planting decisions, had a 
good notion of the price they will receive for their output. Consequently, 
price uncertainty is greatly reduced, if not eliminated, leaving only yield as 
the uncertain variable. The "silo" mechanism operated to reduce drastic shifts 
in relative cereal prices. 

The CAP helped rench cereal producers not only by providing relatively 
consistrnt price increases, but also by isolating the EC market and reducing 
competition from nonmem' 0:1^ countries with the variah'e-levy system. French 
cereals found a ready market in the EC. For example, France supplied 60 percent 
of the wheat traded within the EC, 51 percent of the barley, and 66 percent of 
the corn during 1981/81 and 1984/85. The dependence on the EC market is 
demonstrated by the fact that more than 50 percent of French barley and corn 
exports were to other EC countries. Since the late seventies, most of the 
French wheat exports have been to nonmember countries. The CAP has assisted 
I'rench trade in these markets by providing export refunds, enabling French wheat 
producers to compete. 

The CAP through market insulation, ^.olicy prices, and export subsidies has 
influenced cereal production in France. It is difficult to quantitatively 
Determine the CAP's influence Lecause many of the same programs existed in 
France prior to the CAP. The structur..l and technological developments that 
occurred in Fren'-h agriculture were similar to developments ir agricultural 
sectors of other countries, such as the United States. During much of the 
period, the economies of France and the uther EC countries grew at a relatively 
high rate. It is difficult to ascertain the degree to which the CAP contributed 
or hindered these developments. 

In terms of analyzing effects uf changes in policy prices on EC grain 
production, the reader is reminded that the EC is not a monolithic block. 
Different grains play varying roles in the agricultural sector of each member 
country. Each memb'^r also has somewhat different farm structures and 
technology. Although EC policy prices are the same in each country (when 
denominate . in ECU's), they are not the same at the producer level because of 
monetary adjustments and other factors. If resources are available, analysis 
based on individual niember r jponse, followed by aggregation to obta-^n EC-level 
impacts, may be more useful than analysis based or aggregated EC data. Analysis 
based on the second approach assumes perfect substitutabi 1 ity and factor 
mobility among EC countries. It also assi ies that producer-; respond to prices 
denominated in_ ECU's as if the prices were in national currenci2S--assumptions 
that may not a"ivays be realistic. 
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